Introduction
In Italy, the rearing of cupped oyster (Crassostrea gigas) started with mariculture techniques about 25 years ago, together with the autochthonous flat oyster species (Ostrea edulis). Evaluating the Italian oyster production in 2016, an increase of + 379.7% can be appreciated, passing from 53 to 254 tonnes of product placed on the market. However, the domestic annual demand is about 10,000 tonnes, mainly imported from France, Spain and The Netherlands. In the Adriatic Sea, the long-line practise has been implemented for both cupped oyster (Crassostrea gigas) and flat oyster (Ostrea edulis) with the aim to diversify the shellfish production [1] .
Among seafood, oysters were considered a luxury food although, more recently, their consumption is more related to special events and anniversaries. At international level, oysters are largely appreciated as raw with guaranteed freshness and sanitary parameters, but in the American and Asiatic countries, they are also eaten when subjected to several cooking procedures as baked, steamed, grilled, fried, canned or "in omelette". Some culinary experts consider the oysters to be "the easiest or the most difficult seafood" to consume. In Mediterranean countries, many events are organised and different culinary preparations are purposed to let people know the added value of cooked oysters. Recent papers, concerning the consumption of this bivalve, investigated the product packaging format, the nutritional knowledge and preferences of young and old people. The authors concluded that young people prefered to eat cooked oysters respect to the raw product [2] [3] [4] [5] .
In the bivalves, oysters included, the information in nutritional value primarily concerns the quality traits related to preserve microbial contamination and shelf-life [6, 7] importance of oysters, information about different cooking methods of the cupped oysters remains limited and concerns mussels [8, 9] , scallops [10] and clams [11] .
To give a contribution to the knowledge of quality traits of the cupped oyster in different food preparations, a study was performed considering two culinary treatments: cooking, using free oil in pan, and "gratin". "Gratin" is a term that derives from the French language and is used to indicate the cooking method for baking food in the oven so as to obtain a thin and crunchy crust on the surface. The effects of the cooking preparations were evaluated on proximate composition and fatty acid profile of cupped oysters farmed in shellfish plant of the Adriatic mid coast. Sensory analyse was also performed by a panel test. The attributes were compared with raw fresh oysters of the same mean weight and provenience.
Materials and methods

Sample preparation
Ninety cupped oysters were collected from a long-line shellfish plant, located 5.5 km from the coast of Porto Recanati (43°26′42.76″N-13°43′45.33″), and stored in containers with ice to be transported to the laboratories of UNI-CAM for processing. The oysters were weighed individually (65 ± 2.5 g), opened with a sharp knife-oyster inserted between the shells and removed cutting the adductor muscle, washed with running water and drained by adsorbent paper. Then, they were divided into three groups subjected to different culinary preparation: raw (RA, as Control, 30 animals), cooked (SA, 30 animals) and "gratin" (GR, 30 animals). RA oysters were used as traditionally served in their one-shell with their juice, just opened for raw assessment. The two groups of oysters to cook were removed from their shells. SA oysters were prepared cooking the oysters in olive oil with garlic, parsley and salt for 4 min. Professional pans were used. GR oysters were obtained covering with salted chopped bread with olive oil, scallions and parsley. In "gratin", the cooking process was used to achieve the effect that is reached when a food is cooked at 170 °C for 5 min, in an electric oven, preheated at 250 °C. Samples were homogenised with a blender and stored at − 20 °C until further analysis. After cooking, SA and GR samples were placed for 3 min on absorbent paper towels.
Proximate composition and fatty acid profile
The chemical analysis of the three samples was performed according to the Association of Official Analytical Chemists procedure [12] (AOAC, 1990). Total lipid content was determined using the procedure described by Folch et al. [13] . After determining total lipid content, fatty acids were converted into methyl esters following the method described by Christopherson and Glass [14] . The separation of fatty acids was carried out using a GC 3800 gas chromatograph (Varian Strumentazione, Cernusco sul Naviglio, Italy) with a WP-4 Shimadzu integration system (Shimadzu Corporation, Tokyo, Japan), which was equipped with a Supelco SPTM-2340 capillary column (30 m × 0.25 mm i.d.; 0.25 μm film thickness; Supelco, Bellefonte, Pennsylvania, USA) and a flame ionisation detector.
Sensory analysis
After the cooking preparation, sensory analysis was performed using samples from the three types of preparations submitted to twenty panellists (12 men and 8 women). They recorded the score on a grid with different attributes to measure differences in flavour, texture and preference. To compare the three dishes of oysters, sensory descriptors concerning saltiness, sweetness, acidity, tenderness, chewiness and texture were used.
Statistics
Data were submitted to one-way analysis of variance (ANOVA) using the General Model procedure of SPSS [15] . Differences were considered significant at P < 0.05 and means were separated by Student Newmann Keuls test.
Results
The proximate composition of the oyster samples in relation to the three culinary preparation is reported in Table 1 . The moister content showed slight, but significant, differences between RA group (81.72%) and SA (81.11%) and GR sample (81.04%). The protein rate significantly varied decreasing from the raw oysters (RA 8.85%) to the cooked samples (SA 8.33% and GR 8.37%). The lipid content exhibited a significant increase in the two cooked oysters (GR 2.80% and SA 2.68%) with respect to RA (2.05%). Ash content ranged from GR group (1.98%) to RA (2.04%) sample without notable differences among the groups. The fatty acid profile of the three preparations is reported in Table 2 . Palmitic acid (C16:0) was the most important saturated fatty acid (SFA) in all the three samples (20.14-20.98%) without significant differences from the statistical point of view. Stearic acid (C18:0) was the second most representative SFA, significantly higher in the two cooking methods (GR 6.99% and SA 6.15%) than in the raw oysters (RA 4.87%). Differently, the other five SFAs (C14, C15, C17, C20, C24), although recorded in low proportions, showed significant reductions passing from RA to SA and GR. As consequence, the total of SFA resulted decreasing from the raw sample RA (31.12%) to the two cooking preparations (GR 29.73% and SA 28.42%).
Among the monounsaturated fatty acids (MUFA), the most prevalent was oleic acid (C18:1) with proportions largely doubled in GR (14.43%) and SA (13.77%) with respect to RA (6.81%). Palmitoleic acid (C16:1) was the second most important MUFA and significant differences between SA (4.5%) and RA (2.28%) and GR (2.32%) emerged. As a consequence of the trend of these fatty acids, total MUFA proportion was the highest in SA (19.27%) in comparison with GR (17.75%) and RA (11.40%).
As regards polyenoic n-3 fatty acids, DHA (C22:6n-3) showed the highest percentage in all the three samples with a significant decrease passing from RA (21.39%) to the two cooking treatments SA (18.45%) and GR (17.95%), not different between them. The trend of EPA (C20:5n-3) proportion was the same as DHA, showing the highest content in RA (17.53%) and significantly decreases in SA (14.09%) and GR (14.54%). Total n-3 PUFA showed a remarkable reduction from RA to the two culinary procedures. Among the n-6 PUFA, arachidonic acid (C20:4 n-6) was significantly the prevalent in RA (3.88%). On the contrary, linoleic acid (C18:2 n-6) was the highest in the two cooked samples where its proportion significantly showed an increase of 5.5% and 6.3% in SA and GR samples, respectively. Considering the trend of n-3 PUFA and n-6 PUFA, the n-3/n-6 ratio significantly decreased from RA (5.33) to SA (3.58) and GR (3.29).
In Fig. 1 , the results of the panel test performed on the three groups of oysters were reported. No significant differences were detected excepted two descriptors of sweetness (GR) and tenderness (RA).
Discussion
In this study, the raw oysters showed a chemical composition in line with the proximate analysis of conspecific bivalves produced in the Adriatic sea, both in lagoon and in offshore condition [16, 17] , characterised by good In the two groups of oysters submitted to cooking process, as cooked (SA) and "gratin" (GR), the proximate composition and the fatty acid profile exhibited significant changes in moisture, protein and lipid content in both the culinary preparations. In our case, in both the cooked oysters, water evaporation was observed in a similar way, without effects of high dehydration as expected when the oven-cooking is employed [18] . In GR oysters, the "gratin" helped to produce the crust over oysters and avoided this effect. In the cooked preparations, the slight decrease of protein level and lipid increase were in agreement with several studies on cooking of seafood concerning the nutritional changes affected by temperature and cooking method. A review on the effects of processing technologies and preparation on the final quality of seafood [19] reported that cooking generally induces a decrease in moisture content and a corresponding increase in other macronutrients, as protein and lipid. In two of the most consumed fish species, as salmon and mackerel, Bastìas et al. [20] revealed that protein content significantly increased under the different cooking, based on heat process, in front of a significant moisture decrease and a lipid increase. In relation to the other bivalves, as in our study, also the Ark shell (Arca noae) showed an inverse relationship between water content and protein content after the cooking treatment in comparison with the raw mollusc, whereas lipids significantly decreased, excepted for the steamed cooking [21] . In relation to the kind of treatment and the lipid fraction, cooked oysters SA and GR exhibited a fat content higher than the raw ones, in full agreement with other authors [22] who considered method of cooking, like frying with immersion in oil, as crucial factor to affect the fat level of meat. However, in our study, after the cooking methods, the lipid increase did not compromise the quality of meat and oysters meat could be classified as "lean", being the fat content is lower than 3%, that is the limit that discerns them from fatty seafood [23] . Moreover, the cooking methods we applied were characterised by a short time of exposure to heat, exposing the oysters to moderate temperature and homogeneity of temperature distribution was assured using professional devices for restaurant kitchen.
Concerning the fatty acid profile, the RA oysters also exhibited a very favourable fatty acid profile. The very high proportions of n-3 PUFA were in agreement with those reported by Pogoda et al. [24] , in cupped oysters reared in the German North Sea, and Dridi et al. [25] in oysters in the north of Tunisia, considering the same season of the current study (Spring). Our data were ascertained that raw cupped oyster is a good source of n-3 PUFA; comparing this long series fatty acids of C. gigas to other fresh common bivalves, oysters had a fraction of this essential fatty acids higher than Mediterranean mussels (Mytilus galloprovincialis) where EPA and DHA were detected at 7.8% and 18.6% of total fatty acids, respectively [8] .
In all the categories of fatty acids, the cooked oysters showed changes in comparison with the raw sample as result of the addition of extra virgin olive oil for cooking. The increased proportions of oleic acid and, a lesser extent, of stearic acid, may be the result of the influence of this vegetable oil, which is a rich source of these two fatty acids, as reported in a recently review about the biological properties of the extra virgin olive oil [26] . The use of this vegetable oil consequently determined an increase of the n-6 PUFA, linoleic acid, and a reduction of the most relevant n-3 PUFA reduced in both the cooked oysters. However, EPA and DHA still maintained satisfactory proportions with a favourable n-3/n-6 ratio if compared to other cooking practices. It has been ascertained that the frying process determines changes in the amount of PUFA, both in fish and in molluscs [21, 27] .
Concerning the panel test results for the sensory attributes, there were discrepancies in the assessment of some of the attributes by some panellists, both in raw and in "gratin"; however, all the preparations were judged highly tasty without compromising the nutritional properties.
These results showed that the cooking treatment and the addition of extra virgin olive oil affected the proximate composition and the fatty acid profile of the cooked oysters. However, in this trial, we used a short exposition to heat and modifications did not negatively compromise the quality traits of the cooked and "gratin" oysters. It can be concluded that the preparations considered in this study are appropriate for cupped oysters cooking.
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